Flavor Violation Tests of Warped/Composite SM
in the Two-Site Approach Part |

A.Azatov

University of Maryland College Park

11/6,/2008

arXiv:0810.1016 [hep-ph] with K.Agashe,L.Zhu



Outline

© Introduction to RS models

9 Two-site approach

e Two-Site Bulk Higgs correspondence

Q Summary



Introduction to RS models

RS models

@ Geometrical solution to the Planck -Electroweak hierarchy problem
(Randall,Sundrum 99)
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Introduction to RS models

Fermions in the bulk

One can easily explain large hierarchies in the fermion masses by putting
them in the bulk. The mass will be proportional to the overlap integral
between the fermion profiles and Higgs field.

f(y) oc e (3)

Small variation in the 5D mass parameter ¢ will lead to the large
hierarchies in the fermion masses.

Higgs

uv IR




Introduction to RS models

RS GIM

large flavor violating operators will be suppressed

KK gluon Higgs
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Two-site approach

@ We want to study the phenomenology of the RS models, assuming
that all the hierarchies in the fermion masses and mixings are
generated by the warp factors, and all the Yukawa couplings are of
the same order i.e. “anarchical”.

@ Instead of using specific 5D model we will use more economical
description, namely “two site model” (Contino,Sundrum,Kramer,Son,
06), which is 4D effective field theory obtained by truncating RS
model to the SM particles and their first KK excitations.

@ Based on the AdS/CFT correspondence applied to a slice of AdS,
the two-site model describes two sectors: composites of purely 4D
strong dynamics and elementary fields (which are not part of the
strong dynamics). These two sectors mix, with the resulting mass
eigenstates being the SM particles and heavier partners, which
correspond to the zero and KK modes of the 5D model.
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Two-site approach
Elementary sector

o Gauge Fields SU(3) ® SU(2). ® U(1)y
A = {6, Wy, B} (4)
o fermion electroweak doublets,
Y = {qui = (uei, dii), Iii = (viis ei) } (5)
@ singlets,
Ur = {urr, dri, Vris eri}- (6)
@ Interactions

1 - . 7T
[elementary _ZF,SV + YLD + YRriDYR. (7)



Two-site approach
Composite Sector

SUB)® SU(2), ® SU(2)r ® U(1)x

@ 15 heavy vector mesons

<H
N

=G WL B}, p={WE= 2R (9
@ SU(2), doublets :

x = (Q ={U;,Di}, L; = {N;, Ei}) (9)
and SU(2), singlets:

)NCZ (DiaDhEi)N/) (10)
o Higgs field SU(2), ® SU(2)g: (H, H)
@ Interactions
2 M, 2
['composite = _ZPWJ + 2* Pu + |DHH| — V(H) +
+X(D — m)x + X(iD — )% — X(YEHR + YIHRY) + h.c. (11)




Two-site approach

Mixing between composite and elementary sectors

The two sectors (composite and elementary) are connected to each other
by the mixing terms

Mf 8el 2 - =~
5 EAH + (YLAxr + YrAXL + h.c.).

* (12)

»Cmixing = _Mf ? A#pz +



Two-site approach

The elementary and composite mass eigenstates could be redefined by
new mass eigenstates

Af . c959 —sinf A}: , tan@:gel, (13)
I sinf  cosd Py J-

—s A
<wL> — (C9S SD¢L >IN SOwL) <wL> s tan (p,l/}L = N (14)
XL SIN Yy, COS Py, XL my
VR cospg,  —singg\ (g A
A I R RILST ) tanp; =—. (15)
XR sin @’l/NJR COS(,O,(/;R XR R My

Where (A“,,q/)L,dR) are SM fields, which are massless before EWSB, and

(P4, XL, Xr) are new heavy mass eigenstates prior to EWSB. To shorten
our notations we will denote

0 = 01,05, 05, P = Paui> Plis Pifg = Puris Pdri» Prris Per;
tanf = t, sin Py, = Su, sin Pqi, = Sd; Sin g, = Sq- (16)



Two-site approach

Anarchy condition in the Two-Site language

The mass of the SM fermions in the Two Site model will be

.
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Two-site approach

Anarchy condition in the Two-Site language

The mass of the SM fermions in the Two Site model will be

.

Two-Site mimics RS model = All the hierarchies in the SM fermion
sector should be explained by the hierarchies of the mixing parameters
Sq,u,d and all the Yukawa couplings are of the same order -" Anarchical”



Two-site approach

Interaction with vector bosons

7000000000 + 0OT@ TO00TT
S

=prg (—ctanf + s2-5)

g =gsinf (17)



Two-site approach

Interactions with the Higgs and heavy vector bosons:

Ly = ~Y.uHsys,q1ur — YieaHsgs4q1dr
~ Y. H [CqSUQLUR + SqCuaLUR} — YiaH [CqsdQLdR + SquaLDR}

~ Y. H [CqCuOLUR + ORDL} — YiaH [CquQLDNR + ORDL} (18)

* = 1 * - = 1
£ = Pug {qL’quL(_Cczlt + Sﬁt)} +ru8 {(QL%QL + Quypqr)(secq(1 + t))}

_ 1
+p,.8 [Qwu QL(cﬁ; — sﬁt)] (19



Two-Site Bulk Higgs correspondence

Two Site -Bulk Higgs correspondence

V(x,z) = Z ¢(n)(X)Xn(C> z)

@ Zero mode profile
2—c 1/2—c
z 1 Zh
= f —_— — J—
we =9 () 2(2)

1-2c
N

L\ 5/2
yole.2) = () W[Ja(mnz) 1 ba(ma) Ya(mp2)]

@ KK profile

z, zh
/ dz(—)4xi(c, z)=1
Zp z

(20)

(22)

(23)



Two-Site Bulk Higgs correspondence

Similarly we can make decomposition of the Higgs and the vector field
ZA x)f(2) (24)

H(xi2) = V(352 + 30 HO (25)

(Cacciapaglia,Csaki,Marandella, Terning 06)

21+ 4 243

5= Vire (26




Two-Site Bulk Higgs correspondence

Couplings between zero mode fermions and KK gluon are given by:

1 85D
~ — + f(c)? k7rr) , §= 27
A GR G (27)
comparing it to the “Two-Site”
g —tanf +s? ! g= &« (28)
tand )’ sinf
SL,R — fL,R (29)
1 2
P — tan<6

8« < 85 \/E (30)



Two-Site Bulk Higgs correspondence

The couplings between fermions and Higgs are given by the overlap
integrals

o
Volecn ) = Yo [z (%) v(s,2)xou(cr. 2)xan(cn,2)/ v

Vi (cc®) = ¥e* [ dz ()" V(B 2vanler Dxan(en.2)/



Two-Site Bulk Higgs correspondence

The couplings between fermions and Higgs are given by the overlap

integrals
o
5
Yo (cL,cr,B) = Ysb”lk/dz(?) v(B, z)xor(cL, z)xor(cr, 2)/va
Z 5
Vi (cuscn,0) = ¥ [ dz (2)7 (8 2t 2)xmmlcr 2) e
o
ACIGEI ) ST
X”(C’Z) z=2z,

Yo (e, cry B) ~ Yk f(cL)f(cr)



Two-Site Bulk Higgs correspondence

The couplings between fermions and Higgs are given by the overlap

integrals
o
5
Yo (cL,cr,B) = Ysb”lk/dz(?) v(B, z)xor(cL, z)xor(cr, 2)/va
Z 5
Vi (cuscn,0) = ¥ [ dz (2)7 (8 2t 2)xmmlcr 2) e
o
ACIGEI ) ST
X”(C’Z) z=2z,

Yo (e, cry B) ~ Yk f(cL)f(cr)

@ comparing to the “Two Site”

Y <= Ykxk (32)



Two-Site Bulk Higgs correspondence

°
Yo (cL, cr, B)
a(B,cL,CR) = —7"—~—~
( L R) YKKf(CL)f(CR)
61 0 |1 2 0
al|l1l5|1]|075]|05




Two-Site Bulk Higgs correspondence

°
~ Yo(cr,cr,fB)
a(ﬁ’ L CR) o YKKf(CL)f(CR)
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Two-Site Bulk Higgs correspondence
[y B H - 1
rane Higgs

Yobrane — (Ysbrane k) fL fR
Y}?;(ane — (2 Ysbranek)
a=131 = (33)



Two-Site Bulk Higgs correspondence

“Two Site”

Ysu = Y15t Yheaw = Y aic
Adsite 1 (34)

correponds to § = 1 case with the bulk Higgs.



Summary

o "Two Site"’ model captures robust features of the RS model, using

fewer parameters

@ Corresponds to the Bulk Higgs scenario

@ “Two Site"-RS matching
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Summary
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